The high diversity of mutualisms has probably limited the development of a general theory about their evolution and their stability. Here we review conflicts of interests occurring in the 13 known nursery pollination systems, where pollinators reproduce within the inflorescence they pollinate. We found three main conflicts of interest between mutualists that correspond to the following evolutionary questions: 1) Why do plants not kill their pollinators' larvae? 2) Why do pollinators visit deceptive flowers? and 3) Why do pollinators pollinate? We show that the reproductive system of the plant is strongly correlated not only with the set of conflicts of interests that actually occur but also with the proximal resolution of these conflicts. In many cases the evolutionary stability of nursery pollination mutualisms relies on the avoidance of intra-specific competition among pollinator larvae. This stabilizing factor could perhaps also explain the absence of overexploitation in other mutualisms.
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Although mutualisms were first described as nice stories about cooperation, their importance in ecology and evolution is currently accepted, as well as their role as model systems for the study of coevolution (Boucher et al. 1982) . Numerous authors have now recognised mutualisms as reciprocal exploitations, where each partner is selected to increase its own benefits and reduce the costs of the interaction (Thompson 1982 , Janzen 1983 , Bronstein 1994b , Anstett et al. 1997 , Herre et al. 1999 . In other words, mutualistic partners conflict because the fitness of one partner often increases by reducing the fitness of the other. In this view, there is a gradient from mutualistic to antagonistic interspecific associations, depending on the net result of the conflicts of interests between partners (Bronstein 1994a) . Mutualisms are thus generally considered to be frequently derived from ancestral antagonistic interactions, which have evolved towards commensalism and then mutualism (Thompson 1982) . Many of these interactions can revert to antagonism if ecological conditions change (Bronstein 1994a) or if one of the partners finds a cheating strategy that is evolutionarily stable (Pellmyr et al. 1996a ). However, despite recent attempts to develop general theories on the evolution (Wilkinson 2001 ) and the stability (Bronstein 2001 ) of mutualisms, the evolutionary reasons why some associations remain mutualistic while others revert to antagonism, are still poorly known. The huge diversity of mutualisms may have limited the development of a general theory about their evolutionary stability. Any interspecific association that gives a net positive result to both partners is called mutualism and these interactions include a wide range of ecological types, involve interacting species of diverse taxonomic identity and vary widely in degrees of specificity. Many mutualisms appear so highly coevolved and co-adapted that it is very difficult to determine the general biological traits that led the ancestors of the partners onto the mutualistic pathway. At first sight, it appears that only ad hoc explanations can be proposed, one for each mutualism.
The fig/fig wasp and yucca/yucca moth pollination mutualisms are such ''perfect'' mutualisms. In both cases pollinators lay eggs when pollinating, and larvae develop at the expense of the plant (Riley 1892 , Wiebes 1979 , Anstett et al. 1997 . This leads to very intricate co-adaptations of life cycles and high levels of coevolution and specialization. In these interactions, benefits for both partners are directly expressed in terms of fitness (number of offspring), facilitating cost-benefit analysis. The relative ease of quantifying costs and benefits explains why these two mutualisms have been so deeply studied. For a long time, the fig/fig wasp and the yucca/yucca moth interactions were the only two known cases of nursery pollination mutualisms (in which the reward for pollinators is oviposition sites). In fact, a total of 13 distinct nursery pollination mutualisms have been described in greater or lesser detail (Table 1 ). All these pairs (or groups) of species are engaged in interactions that share a common mode of ecological functioning. They represent high taxonomic diversity of both plants and insects, and have without doubt evolved independently and convergently. Using a comparative approach, we first determine what evolutionary conflicts are common to the nine interactions that are sufficiently well known (Table 2) . We then use this information to compare how partners in the different systems deal with each of the conflicts, and to determine whether the same traits have evolved repeatedly as a result of conflicts of interests.
The reproductive cycle of nursery pollination mutualists reveals three main evolutionary conflicts of interests ( Fig. 1) . 1) In each of the 9 interactions, for which sufficient information is available (Table 1) , pollinators reproduce at the expense of the reproductive structures of the plants, which may involve high costs for the plants. This defines a first conflict and leads to the Table 1 . List of described nursery pollination systems (pollination mutualisms where pollinators reproduce in reproductive structures of their host plant). Plants and insects involved belong to very different taxonomic groups, showing independent evolution of these interactions. c indicates several pairs of interacting species (even if the status of mutualism is not always well established). § indicates no experimental proof of actual pollination by the insects. In our comparison, we only retained couple of species in which the mutualism has been described with sufficient information. These couples are numbered (1)-(9) to allow a rapid comparison with Table 2 ). Pollination of female plants is thus by deceit, and this involves a conflict between deceptive plants and pollinators. Why do insects still visit the deceptive sex and pay the cost for this? 3) Finally, nursery pollination mutualisms are the only systems where pollinators might be selected to efficiently pollinate their host plant. In the third part of this paper, we examine when such selective pressures occur. We also consider the new conflict of interests resulting from this particular situation. Even though, at first sight, interests of both partners seem to converge through active pollination, pollinators are selected to pollinate just enough to their offspring to develop, which may strongly reduce reproduction of the host plant. Each of these conflicts will be treated in a separate section of this paper. For each point, we compare the selective pressures within each pair of species and we determine whether the conflict of interests occurs. We also examine how partners respond to the conflicts and which traits stabilize these systems despite the different conflicts of interests. Fig. 1 . Schematic reproductive cycle of nursery pollination mutualists: main evolutionary conflicts. A conflict takes place when a process has negative effects on one partner and positive effects on the other. Conflicts may occur at any step of the reproductive cycle of mutualistic partners Three main conflicts exist in nursery pollination systems. Conflict c 1 occurs because larvae develop at the expense of some tissues of developing fruits. Conflict c2 occurs in dioecious species between non-rewarding flowers (mostly female flowers) and adult pollinators. Finally, in some cases, insects may have been selected to pollinate, which is beneficial for the plant but may entail costs or strongly reduced benefits to the pollinators (conflict c 3). Box indicates the occurrence of an evolutionary conflict. 
Why do plants not kill their pollinators' larvae?
In nursery pollination systems, insects visit flowers to obtain an egg-laying site. After eggs are laid, larvae hatch and start to develop, eating seeds or parts of the inflorescence, which involves a post-pollination cost for the plants. Thus, once they have received the pollination benefit, plants should be selected at the individual level to kill pollinator larvae that parasitize them (Fig.  1 ). This conflict is restricted to nursery pollination mutualisms and central to their functioning, because if the plant were to win the conflict the mutualism would collapse. Among nursery pollination systems, a single occurrence of a ''killer plant'' has been recorded. Yucca baccata presents a polymorphism, in which about 70% of individuals employ a ''killing strategy'', being protected from pollinator larvae by a barrier formed by inviable ovules located at the apex of their ovary. Thus larvae cannot reach viable and fertilised ovules in the lower part of the ovary (Bao and Addicott 1998) . It is still unclear whether this polymorphism is regulated by negative frequency-dependent mechanisms (i.e. the cost of producing inviable ovules is expected to increase when the population size of pollinators decreases, Bao and Addicott 1998), or if the observed polymorphism represents a transient state of a population doomed to extinction.
If killer strategies represent a dead end for the mutualism, they may be transitory and thus unlikely to be detected. However, other proximate factors must exist that explain why killer strategies, which are beneficial at the individual level, do not regularly evolve in plant species hosting their pollinator's larvae. . Does larval development benefit the host plant? Larval development of pollinators entails a cost for plants. However, when pollinators disperse the pollen of their natal host plant (a), breeding pollinators is the only means for the plant to disperse its own pollen, and breeding pollinators entails an individual benefit for the plant. When pollinators disperse from their natal host plant before loading pollen (b), breeding the pollinators brings no individual advantage to the plant. In these cases, plants should be selected either to kill the pollinator larvae or to keep them until the plant produces pollen, which could then be dispersed by the pollinators.
The individual-level benefit to figs of rearing pollinators
the evolutionary functioning of the mutualism depending on the reproductive system of the tree.
In dioecious figs, male trees are selected to produce pollen and pollen vectors, and there is no evolutionary conflict between male trees and fig wasps (Anstett et al. 1997) . Female figs of dioecious species do not rear pollinators and will be discussed in a following section. In monoecious fig species, each female flower may either host a pollen vector larva (male function) or produce a seed (female function). Hence, monoecious figs are selected to grow their pollinators, while controlling the quantity of flowers allocated to wasp production (Herre 1989) . Several hypotheses have been proposed, and are still debated, to explain the regulation of the allocation of ovary to wasps and seeds. They are based either on selection on plant or insect traits, or on selection on co-evolved traits of plants and insects (West and Herre 1994 , Ganeshaiah et al. 1995 , Nefdt and Compton 1996 , Kathuria 1999 . Hypotheses to explain regulation of allocation to wasps and seeds in monoecious figs have been recently reviewed by (Anstett 2001) , who concluded that even though all female flowers of monoecious figs can host a pollinator larva, their quality for wasp development is highly variable within a single inflorescence. This could entail competition for the best egg laying sites, the intensity of which would increase with wasp density. This competition could be central in regulating the allocation of ovaries to seeds and wasps and allow the observed co-evolutionary equilibrium between wasps and fig (Anstett 2001) .
When pollinator larvae develop as parasites
In all other systems, pollinators leave their natal plant before getting loaded with pollen and thus do not disperse the pollen of their host plant (Fig. 2b) . Hence, plants gain no individual advantage by rearing the larvae. The absence of killing strategies in plants can be explained by two groups of reasons, depending on the life cycles of interacting species. In the first group larvae develop at the expense of male structures, whereas in the second group they eat seeds or ovules (Table 2) .
For three dioecious plant species, pollinator larvae develop on ''already used'' male reproductive structures. The weevil pollinators of Chamaerops develop in the dry rachises of male inflorescences, which appear to be dead tissues (Anstett 1999) . In the same way, the larvae of pollinators of Zamia and Siparuna develop in male reproductive structures after anthesis (Feil 1992 , Norstog et al. 1992 . In these cases, larvae eat parts of the flowers when the plant's reproductive episode is over. The cost of larval development for the plant should be low (if, for example, reallocation of floral resources is prevented by larval development) or even non-existent. Plants are not selected to rear pollinators that do not disperse their own pollen but as larvae develop on already used flowers, neither are they selected to kill them.
In all other systems (yucca, globeflower, senita cactus, Lithophragma and Silene) pollinator larvae develop in or on seeds or ovaries; they destroy a highly valuable part of the plant and act as parasites. Killer strategies should be strongly selected, but, surprisingly, occur in only one species of yucca (Yucca baccata; see above). In the two species-specific nursery pollination systems (other yuccas and globeflower), plants are sometimes able to limit larval exploitation. In preceding studies, a different explanation has been proposed for each pair of partners. A large number of sometimes contradictory studies deal with mechanisms of limitation of larval development for different species of yucca. In some yucca species, a high number of larvae per fruit (Addicott 1986 , Pellmyr and Hutch 1994 , Humphries and Addicott 2000 and/or a low quantity of deposited pollen (Pellmyr and Hutch 1994 , Humphries and Addicott 2000 , Hutch and Pellmyr 2000 cause flower abortion. This is viewed as a mechanism that forces pollinators to spread their progeny among different flowers Pellmyr 1997, Wilson and . Yucca schottii presents an alternative strategy: within locules some seeds are infertile and form a barrier for moth larvae, reducing the number of seeds consumed by each larva (Ziv and Bronstein 1996) . These two yucca traits regulating larval development are interpreted as the result of plant adaptation. In contrast, in globeflowers the conflict seems to be regulated by an insect trait. Larvae can only start their development in the basal part of the flower where there is room for a single larva (Despres and Jaeger 1999) . To avoid larval competition, mutualistic flies lay a single egg per flower (Pellmyr 1989, Despres and Jaeger 1999) . The other non-mutualistic fly species do not share this trait and thus lay more eggs within the same globeflower (Despres and Jaeger 1999) .
For yucca and globeflowers (and also monoecious figs, see above), the biological traits limiting seed predation by pollinators are different. However, they all lead to potentially high competition among larvae inside each flower. In nature, larvae do not necessarily encounter competition because some particular traits, such as the behaviour of spreading the progeny among several flowers in yucca moths and globeflower flies, may have evolved to avoid such competition and result in a regulation of seed predation. This not only limits overexploitation at the flower level, but also lowers pollinator fitness when pollinator density is high. This increase in competition only limits larval development but does not result in a true killer strategy, and plants still pay a cost of having some seeds destroyed.
In the three remaining systems (Silene, senita cactus and Lithophragma), no mechanisms regulating larval development have been shown. The ''competition solution'' observed in yucca, globeflower and figs, in which seed predation by larvae is regulated by competition, does not seem to be possible in these three examples. In Silene spp., larvae of Hadena can move from one fruit to another, and larval competition occurs only when almost all seeds are already eaten, which is too late to be of any benefit to the plant. For senita cactus, the moth lays a single egg per flower (Fleming and Holland 1998) , preventing any direct competition among larvae. In Lithophragma, several larvae of the pollinator develop within a single fruit , potentially allowing competition. However, larvae drop from the fruit at the first instar when many seeds are still intact ) and competition is not apparent.
The reason why the senita/senita-moth interaction remains mutualistic is the negligible effect of larval fruit consumption on cactus reproduction (Holland 2002) . Both the very low survivorship of eggs and of earlystage larvae (Holland and Fleming 1999) and the high rate of flower and fruit abortion due to water limitation (Holland 2002) have been proposed to explain why seed consumption by larvae did not significantly reduce overall reproduction of cacti. These frequent (random) abortions have even been hypothesised to be a mechanism that evolved to limit the cost of the interaction (Holland and DeAngelis 2001, Holland 2002) . However, it is still unclear how individual-based selection could favour such a strategy.
In contrast, Lithophragma and Silene are regularly overexploited by their nursery pollinators. These two plants exhibit the lowest degrees of specialisation for OIKOS 100:1 (2003) nursery pollination, since they still offer considerable amounts of nectar to generalist co-pollinators (Table 2 ; Thompson and Pellmyr 1992 , Jü rgens et al. 1996 , Fleming and Holland 1998 . Among nursery pollination mutualisms, these interactions are the ones that most closely approach parasitism, and they show varying outcomes depending on densities of pollinator and copollinator (Pettersson 1991, Thompson and . In the absence of any control by the plant of the density of the pollinator population, persistence of a mutualism relies solely on external factors that limit the size of the pollinator population. This could represent a primitive state in nursery pollination systems. The factors that lead from such a state to specialization and to stable costs of the interaction are still unclear. We can only note the apparent association of lower specialisation of plants to their pollinators with the absence of any kind of regulation of larval development. In this view, since senita cacti sometimes offer little nectar to co-pollinators (Fleming and Holland 1998) and owe the majority of their seed production to pollination by senita moths (Holland and Fleming 1999) , the senita/ senita moth interaction can be considered to represent an intermediate state of specialisation in the evolution of nursery pollination.
We have shown that larval development is a potential source of conflict between partners for all plants involved in a nursery pollination mutualism. In some cases, owing to particular traits of the life cycles of the mutualists, the conflict does not actually occur because larval development brings either an extra benefit to the plant (figs) or does not entail the expected cost (when pollinators develop on male plants). In other systems the conflict does occur and partners ''fight'', but plants are never able to kill their pollinators (with the exception of Yucca baccata). In most host-parasite interactions, parasites survive only because hosts are not able to kill them. This is also the reason for the persistence of some nursery pollinators. However, the conflicting functions of nursery flowers -attracting pollinators, but avoiding larval development -could add new constraints to the difficulties of evolving defences against their ''partner''.
Pollination by deceit: why do pollinators pay the cost of visiting non-rewarding flowers?
The classical contract between plant and pollinator -insects visit flowers to profit from a reward (food, shelter, egg-laying site) and provide pollination in return -may be disrupted by deceptive, rewardless flowers. This phenomenon was first described in some orchid species, in which all flowers cheat pollinators (see Nilsson 1992 for a review). It also occurs in some dioecious species at the intra-specific level, where one gender (mostly female flowers) is rewardless to the pollinators (Bawa and Crisp 1980 , A , gren et al. 1986 , Dukas 1987 . Tissues in which nursery pollinators develop are sexual tissues (Table 2) . In dioecious species, these tissues either occur in only one gender (seeds in Silene alba; anthers in Siparuna species) or differ between genders in their quality for pollinators reproduction (e.g. male cones of Zamia species are richer in starch than female cones, Norstog and Fawcett 1989 ; in dioecious figs, only flowers within male figs allow fig wasps to lay eggs, Anstett et al. 1997 ). Dioecy in nursery-pollination plants thus often implies that pollinators will develop on plants of a single sex and the other sex will be pollinated by deceit.
If pollinators were to evolve a ''choosy'' behaviour and avoid deceptive flowers, they would stop carrying pollen from male to female plants and the pollination mutualism would be disrupted. However, in all nursery pollination systems involving pollination by deceit, pollinators still pay the cost of visiting non-rewarding flowers. Plants apparently win this evolutionary conflict, and mutualisms are maintained (Fig. 2) . In this section, we examine which traits are responsible for the maintenance of deceptive pollination in these systems, which include dioecious figs, Chamaerops, Siparuna, Zamia and Silene alba. (The other Silene species studied, Silene 6ulgaris, is gynodioecious, which means that both females and hermaphrodites occur in the populations. As larvae of nursery pollinators feed on seeds, pollination in this species is not by deceit). We also examine whether traits that maintain these mutualisms have been shaped by coevolution or owe their existence to other causes.
The classical hypothesis: intersexual mimicry
Visual and/or chemical mimicry between male and female flowers, which prevents pollinators from discriminating between them, often explains the maintenance of deceptive flowers. This is the case in Ficus hispida, where pollinators do not discriminate between male and female figs (Patel et al. 1995) , probably because of chemical similarity of olfactory cues. Mimicry has also been proposed for both Siparuna, where female flowers probably emit the same scent as male flowers and resemble them visually (Feil 1992) , and Zamia, where similarities of forms, colours and perhaps odours have been noted between male and female cones (Tang 1987, Norstog and Fawcett 1989) . It is always a delicate matter to assert that similarity between male and female flowers has been produced by selection for mimicry, because other selective pressures, or constraints, could also explain their similarity (Roy and Widmer 1999) . However, for Ficus carica, where other traits (phenology) prevent pollinators from choosing, Grison-Pigé et al. (2001) showed that the resemblance between male and female scents was imperfect. In nature, the time lag between male and female flowering, together with the short life span of the fig wasp, prevents pollinator discrimination (see below). When plant phenology is experimentally manipulated to produce a situation where pollinators do have a choice, pollinators of F. carica preferentially enter male figs (Anstett et al. 1998 ). This shows that male and female flowers tend to produce different fragrances that insects can distinguish between.
Hence, if intersexual mimicry occurs in deceit pollination systems, it may be viewed as an adaptive trait of the plant resulting from the evolutionary conflict on the visit of deceptive plants. However, because characters that attract pollinators are rarely known with precision, mimicry can often only be suggested, based on perceived similarity by human observers. This situation is clearly unsatisfactory. Floral mimicry must be defined according to the pollinator's ability to perform a choice between putative model and mimic. Up until now, bioassays to test intersexual mimicry in nursery pollination systems have been performed only on Ficus (Patel et al. 1995 , Anstett et al. 1998 . Even if at first glance mimicry appears to be the obvious explanation for pollination by deceit, this hypothesis must be carefully tested, because other factors can stabilize pollination by deceit.
Other plant traits can stabilize pollination by deceit
In Ficus carica, mimicry clearly does not apply because pollinators are able to discriminate between host plants of different sexes (Anstett et al. 1998) . Under natural conditions, the phenology of Ficus carica prevents any possibility of choice by the pollinators. In this seasonally flowering Ficus species, male and female plants do not produce receptive figs at the same time, so the wasps, which are short lived, cannot choose the sex of their host fig (Kjellberg et al. 1987) . This phenology allows the fig tree to win the conflict. No evolutionary strategy can allow the wasps to avoid their massive suicide in female figs.
When both male and female flowers are available at the same time, selection for choosy behaviour by insects can be limited by the presence of another (albeit often lesser) reward on the deceptive sex. In Silene alba and Chamaerops, plants of both sexes provide food for adult pollinators (Shykoff and Bucheli 1995 , Jü rgens et al. 1996 , Anstett 1999 . This probably lowers the selective pressures on insects to avoid the deceptive sex, especially for male pollinators for which plants of both sexes offer equivalent rewards. Production of food rewards by deceptive plants may not be a specific strategy resulting from selective pressures to counter cheating pollinators, but more probably represents a retained ancestral trait, which ensures the stability of these pollination systems by ''half'' deceit.
Insect traits may also prevent the evolution of choosy behaviour
Characteristics of pollinators strongly linked with their natural history may influence the cost of deceit or simply constrain the evolution of choosy behaviour, playing an important role in the maintenance of deceit pollination. For instance, within the five dioecious nursery pollination systems, the cost of deceit varies with the number of inflorescences a pollinator visits. This cost seems to be the highest for dioecious figs, in which pollinators entering a female fig can usually not re-exit and die without egg-laying (but see Gibernau et al. 1996) . For the wasps, entering this kind of fig equals committing suicide (Patel et al. 1995) and selective pressures to choose a reliable fig are thus expected to be very strong. The stability of this particular system could result from the very short life span of fig wasps, because time spent choosing other figs could disproportionally increase the risk of reproductive failure (Patel et al. 1995) . In contrast, pollinators of Chamaerops (Anstett 1999) , Silene alba (Jü rgens et al. 1996) , and probably Zamia (Norstog et al. 1992) and Siparuna (Feil 1992) , can visit several inflorescences during their life time. In these systems, in which pollinators can spread the risk of deceit among several inflorescences, the adoption of a choosy behaviour might be less beneficial. Moreover, insects that visit several inflorescences can learn to discriminate between male and female flowers. The potential for learning would depend upon the perceptive abilities of insects to discriminate between very similar visual or olfactory signals, and on the behavioural plasticity needed to reject an attractive but deceptive plant. Unfortunately, knowledge about such capabilities is currently lacking for most insect groups, including all nursery pollinators.
Dioecy seems often linked with pollination by deceit in nursery pollination systems. In this view, the nursery pollination interaction between the dioecious Macaranga and thrips that develop on floral bracteoles of both sexes (Table 1) could be an exception (Moog et al. 2002) . However, more work is needed to determine if bracteoles of male and female plants offer sites of the same quality for larval development, or if pollination by (partial) deceit also occurs.
The proximal causes of the absence of total discrimination by pollinators between male and female inflorescences are diverse. They depend strongly on the natural history of the interacting species and not solely on intersexual mimicry. Whether or not deceit is a stable strategy is rarely known, nor are the precise reasons for the maintenance of deceit. Indeed, perfect mimicry (or OIKOS 100:1 (2003) the phenology of Ficus carica) implies total victory of the plant. In this case, pollinators are unable to discriminate between male and female flowers. The mutualism does not go extinct, because pollinators still reproduce on male plants, but pollinators do pay a very high cost in such mutualism. An alternative situation has been proposed but never tested: pollinators could partially avoid deceptive plants (Anstett et al. 1998 ). This would result in shared costs between deceptive plants and pollinators with distinct evolutionary consequences. Only carefully designed experimentals could determine whether this situation actually occurs in natural populations.
Why do pollinators pollinate?
In virtually all pollination mutualisms, insects gain no individual advantage by pollinating flowers. The benefit of pollination to the plant is a ''by-product'' benefit (Connor 1995) . Only plants are under selective pressure to increase pollination efficiency. However, when pollinator larvae develop by eating seed(s), pollinators face the risk of ovipositing in an unpollinated flower, which will not set fruit, leading to larval starvation or death (Pellmyr 1997 ). In such systems, pollinators are expected to enhance their pollinating abilities, with the extreme result being the evolution of active pollination. Actively pollinating insects possess unique morphological structures and behavioural sequences to pick up, transport and deposit pollen on stigmas (Galil and Eisikowitch 1968; reviewed by Pellmyr 1997) . This syndrome is exclusively observed in yucca moths (Aker and Udovic 1981 , Powell 1992 , Pellmyr et al. 1996b ), senita moths (Fleming and Holland 1998) and some fig wasp species (Galil and Eisikowitch 1969;  Table 2 ). In these exceptional cases, both plant and insect benefit from flower fertilisation and both have evolved traits enhancing pollination efficiency. This is one of the most obvious examples for co-operation between species. However, numerous nursery pollinators have not evolved this syndrome (Pellmyr 1997;  Table 2 ). Similarly, in many parasitic systems, insects develop on seeds and never pollinate (Moegenburg 1996, Brody and Morita 2000) . Hence, being a seed eater does not necessarily lead to the evolution of mutualism nor to active pollination, the evolution of which requires particular conditions.
The evolution of active pollination
The evolution of active pollination can be expected when ovule fertilization limits larval development of pollinators. This was probably the case in the ancestral forms of the fig/fig wasp, yucca/yucca moth and senita/ senita moth interactions. Although pollen-limited fruit set is unlikely in yucca lineages (Pellmyr et al. 1996b) , non-random abortion based on the pollination quality, which has been reported in several yucca species (Pellmyr and Hutch 1994 , Humphries and Addicott 2000 , Hutch and Pellmyr 2000 , could have similarly lead to selection for increasing pollination efficiency among yucca moths (Pellmyr et al. 1996b) . In senita cacti, where both pollination and resources determine reproduction (Holland 2002) , a similar mechanism was proposed (Holland and Fleming 1999) but not yet tested.
In contrast, in those systems where nursery pollinators developing on seeds have remained passive pollinators, we tentatively predict that pollen limitation will not regularly be encountered. Pollen is not limiting for the globeflowers (Jaeger et al. 2000) . Even though the plant's host-specific flies pollinate passively, their movements during mating within the globeflowers allow effective pollination of the plant. The presence of copollinators in Silene spp. and Lithophragma may also lower pollen limitation. These two plants provide not only an egg-laying site for their nursery pollinators, but also a more standard reward (i.e. nectar) that attracts non-specific pollinators (Pettersson 1992 , Shykoff and Bucheli 1995 , Jü rgens et al. 1996 , Fleming and Holland 1998 (Table 2 ). The presence of co-pollinators must increase the probability that insects will oviposit in an already-pollinated flower and may strongly decrease selective pressures on insects to pollinate actively (Pellmyr 1997) . However, the case of senita/senita moth shows that the presence of co-pollinators does not obligatorily prevent the evolution of active pollination. In this particular case, the low contribution of co-pollinators to seed set (Fleming and Holland 1998) probably explains why senita moths are under selection to efficiently pollinate.
A new conflict opened by active pollination
Once pollinators have evolved active pollination, they can conflict with their plant on the quantity of pollen deposited. Insects are selected to pollinate just enough for their offspring to develop. This is perhaps not always enough for optimum seed production by the plant. Such a conflict is perhaps illustrated by the senita cactus, which still needs the services of generalist copollinators to increase seed set (Fleming and Holland 1998) . In figs, this conflict has even led to new adaptations of the plant. Some actively pollinated fig species exhibit cohesive stigmas (Verkerke 1989 ), a trait which probably limits precise deposition of pollen on the stigma of the flower where pollinators oviposit. Active pollinators thus fortuitously ensure a good pollination of the adjacent flowers and thus enhance seed production .
At the extreme, this conflict can lead to counter selection of active pollination, as suggested by the multiple secondary losses of active pollination in both fig wasps (Machado et al. 2001 ) and yucca moths (Pellmyr et al. 1996a ). Loss of active pollination can lead to two very different situations. In the first case, insects revert to passive pollination and the interaction stays mutualistic. This has occurred in some fig/fig  wasp interactions , where the loss of active pollination seems to have been counterbalanced by higher per-fig pollen production by the tree, which makes even passive pollination sufficiently effective . In contrast, the loss of active pollination by the fig wasp Ceratosolen galili Eisikowitch 1969, Compton et al. 1991) and within the yucca moth lineage (Addicott 1996 , Pellmyr et al. 1996a ) led in both cases to a breakdown of the mutualism. Cheating yucca moths lay eggs in already pollinated flowers or fruits Addicott 1993, Pellmyr et al. 1996a) and Ceratosolen galili moved to another host fig species that is pollinated by its own ''true'' pollinating wasp Eisikowitch 1969, Kerdelhué et al. 1999 ). Both cheaters benefit from a reliable egg-laying site, while no longer providing any pollination service. They act as parasites and can exist as long as some other mutualistic insect species pollinate their hosts.
The apparent perfect convergence of interests illustrated by active pollination thus brings on a new conflict and opens a new avenue for cheating. The same pollinator trait (active pollination) may lead either to benefit for the plant, or to a new cost. This illustrates the important changes that can occur in the adaptive landscape during the course of co-evolution.
Discussion
Considering an ecological family of mutualisms, instead of all known mutualistic interactions, allowed us to verify that a given ecological function leads to the same evolutionary conflicts in independently evolved cases. Up until now, in nursery pollination systems the comparative approach has been used to examine interactions in a pair of coevolving lineages (e.g. figs, Machado et al. 2001 ) sometimes extended to include non-coevolved taxa of one of the lineages (e.g. yucca moths and other Prodoxidae, Thompson 1992, Pellmyr et al. 1996b ). To our knowledge, this review paper is the first attempt to apply a comparative approach to these interactions at a higher scale, showing that the conflicts between partners of nursery pollination systems are common to several pairs of species but differ depending on the reproductive system of the plant. For a single type of conflict, resolution may involve extremely different proximal mechanisms for each pair of species (or group of species), despite the unquestionable similarities in evolutionary pressures involved.
However, this review has revealed some general conditions for the stability of these mutualisms. First, the low cost of tissues offered for larval development in some systems eludes or at least strongly decreases the magnitude of one important conflict of interests (the first conflict described in this review). Such a trait probably prevents mutualistic partners from ''fighting'' about the cost of mutualism and may decrease the probability that some destabilising cheater strategy evolves among the pollinators. Second, when this conflict occurs, the fact that larvae potentially suffer from intraspecific competition often regulates the number of seeds destroyed and might confer greater stability to the interactions.
Another important general tendency highlighted by this study is the major role played by the reproductive system of the plant in determining how plants conflict with their nursery pollinators. Two groups can be defined. For non-dioecious (monoecious, hermaphroditic, or gynodioecious) species, pollinator larvae always develop at the expense of seeds. Pollination costs are classically considered as part of male function, but in these cases it is the female function that supports the high cost of pollinator development. In contrast, for dioecious plant species, nursery pollinators always (with the exception of Silene alba) develop on male plants. This allows the plant better control of the quantity of resources given to developing larvae (mostly ''already used'' flowers), resources that are clearly part of male function. However, this solution raises the problem of attracting pollinators to non-rewarding female plants. Interestingly, female plants of dioecious species are well protected against oviposition and/or predation by pollinator larvae, in contrast to non-dioecious plants, which cannot precisely control the quantity of seeds eaten. Dioecy seems to be more advantageous for the plant and other reproductive systems (non-dioecy) for the insect (as postulated by Machado et al. 2001 for figs). Both reproductive systems occur in figs, palms and Silene. Palms and Silene spp. are both remarkable by their high diversity of reproductive systems (Uhl and Dransfield 1987, Desfeux et al. 1996) . More work is needed to determine if nursery pollination could be linked to the evolution of dioecy.
The only exception to this scheme is the dioecious Silene alba pollinated by Hadena moths whose larvae feed on developing seeds. This interaction is probably at the border between mutualism and parasitism, because plants cannot regulate seed predation. In this case, female plants support costs of both female (seed production) and male function (pollinator production), showing that a nursery pollinator developing on seeds can entail extremely high costs to the plant. Now there is a need for both new biological models of nursery pollination and deeper studies of some of the systems reported in this review. Our understanding of the evolution and the functioning of nursery pollination mutualisms could be enhanced by such future work, focused on precise identification of the costs and the benefits of the interactions. Only this approach will allow determination of the conflicts of interests between partners, which is a first necessary step in the understanding of their resolution.
For each conflict, we have compared responses of nine phylogenetically independent nursery pollination mutualisms to conflicts with partners. Although the same response is often seen in several systems, the overall impression given by our analysis is that proximate answers to the conflicts are the results of evolutionary ''tinkering'' (Jacob 1977) , the results of which vary enormously depending on the starting material. ''Tinkering'' contrasts with ''engineering'', which would always produce the same optimal ''solution'' to a given problem. In several cases, no conflict actually occurs, because of particular life cycle or life history traits of the partners. In these cases it is always tempting to consider such traits as adaptations to the mutualism, whereas they might also be the ancestral state of the organism and simply represent exaptations (Armbruster 1997 ) that facilitate stability of mutualism. In many other cases the conflict(s) between partners continue(s) unresolved, and the possibility of cheating is always open. Cheaters can evolve either through a host shift, as probably occurred in yucca moths (Pellmyr et al. 1996a, Pellmyr and Leebens-Mack 2000) and in the fig wasp Ceratosolen galili (Kerdelhué et al. 1999) or by the evolution of a cheating strategy on the same host. The occurrence of both cheating and mutualism can be observed at three scales: individual (each individual is a facultative cheater, Addicott 1993, Addicott and Tyre 1995) , intraspecific (polymorphism within the population, Bao and Addicott 1998) or interspecific (result of sympatric speciation with a single species remaining mutualist, Despres and Jaeger 1999) . In the absence of remaining mutualists, the evolution of cheating can potentially lead to extinction, even if such an event is almost impossible to demonstrate experimentally or to observe in natural conditions. In contrast, Law et al. (2001) showed that sympatric speciation producing a ''cheater'' species can allow a stable co-existence of mutualistic and cheating species.
In our comparison, we found surprisingly few cases in which conflicts appears to have resulted in true co-evolution that resolved the conflicts. Most conflicts are solved by evolutionary change in a character of only one of the partners. The new character can create a new adaptive landscape for the partner and sometimes lead to the evolution of new traits. However, because of the frequently large differences in generation time between mutualistic partners, the pattern of coevolution resembles more closely sequential evolution than it does a traditional gene for gene arms race. However, the functioning of highly coevolved mutualisms is highly constrained. Entangled in multiple conflicts, both mutualists are held in check and cannot easily win the conflict by reverting to parasitism.
